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may be mounted to the quick connect tool mounting bracket
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1
LASER LEVEL SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present disclosure relates to a laser level system.

2. Description of Related Art

Laser level systems are well known. Laser levels are
sometimes used in a “manual” (not self-leveling) mode to
project lines other than plumb and vertical for various
construction needs, as shown, for example, in U.S. Pat. No.
6,763,595.

Laser levels may be attached to mounting brackets so as
to orient the level in a predetermined position relative to an
object to which the mounting bracket is mounted.

SUMMARY OF EMBODIMENTS OF THE
INVENTION

In various conventional self-leveling laser levels with a
manual (e.g., non-self-leveling) mode, the “manual” mode is
indicated by a separate indicator on the housing of the laser
level. The separate indicator on the housing is easily missed
by the user while using the laser level. One or more
embodiments of the present disclosure provide a manual
mode indication via a flashing pattern of the projected light
beam.

One aspect of the present disclosure relates to a laser level
system. The laser level system comprises a laser level and/or
other components. The laser level includes a housing, a first
quick connect mount, a second quick connect mount, at least
one laser generator, a self-leveling mechanism, and/or other
components. The housing includes a plurality of external
surfaces. The first quick connect mount is supported by the
housing and disposed in a first orientation. The first quick
connect mount is configured to removably engage a quick
connect tool mounting bracket in the first orientation. The
second quick connect mount is supported by the housing and
disposed in a second orientation that differs from the first
orientation. The second quick connect mount is configured
to removably engage the quick connect tool mounting
bracket in the second orientation. The at least one laser
generator is supported by the housing and configured to emit
at least one laser beam. In some embodiments, the system
includes one or more optical components configured to
convert the at least one laser beam into a horizontal fan beam
and a vertical fan beam that intersects the horizontal fan
beam. The self-leveling mechanism is supported by the
housing and configured to orient the at least one laser beam
in a predetermined direction relative to gravity.

In some embodiments, the first quick connect mount
comprises a first slot in the housing. The second quick
connect mount comprises a second slot in the housing. The
first quick connect mount may be disposed on an opposite
side of the housing from the second quick connect mount. In
some embodiments, the system may include a third quick
connect mount supported by the housing and disposed in a
third orientation that differs from the first and second ori-
entations. The third quick connect mount is configured to
removably engage the quick connect tool mounting bracket
in the third orientation. The first, second, and third orienta-
tions may be generally orthogonal to each other.

In some embodiments, the system includes a quick con-
nect tool mounting bracket. The quick tool mounting bracket
comprises a clamp, a quick connect portion, and/or other
components. The clamp is configured to removably clamp to
an external base support. The quick connect portion is
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connected to the clamp. The quick connect portion is con-
figured to alternatively and removably engage either of the
first and second quick connect mounts so as to connect the
housing to the quick connect tool mounting bracket in either
the first or second orientation. In some embodiments, the
clamp is connected to the quick connect portion via first and
second serial ball-and-socket mechanisms. The balls of the
first and second ball-and-socket mechanisms may be spaced
from each other.

In some embodiments, the quick connect portion com-
prises one of a slot and a protrusion with an enlarged head.
The first and second quick connect mounts each comprise
the other of the slot and the protrusion with the enlarged
head. The slot and protrusion are configured to releasably
engage each other so as to provide a quick connect connec-
tion between the laser level and the quick connect tool
mounting bracket.

Another aspect of the present disclosure relates to a quick
connect tool mounting bracket. The quick connect tool
mounting bracket comprises a clamp, an externally threaded
post, a quick connect adapter, and/or other components. The
clamp is configured to removably clamp to an external base
support. The externally threaded post is connected to the
clamp. The externally threaded post defines a standard
camera mount configured to mount to an internally threaded
mount of a camera. The quick connect adapter has an
internally threaded mount configured to threadingly mate
with the externally threaded post. The quick connect adapter
has a quick connect portion that is configured to removably
engage a quick connect mount of a tool so as to connect the
tool to the quick connect tool mounting bracket in a first
orientation.

In some embodiments, the system may include a tool
having at least one quick connect mount configured to
engage the quick connect portion. In some embodiments, the
tool is a laser level. The tool may comprise an internally
threaded mount configured to threadingly mate with the
externally threaded post. In some embodiments, the quick
connect portion of the quick connect adapter comprises a
protrusion with a distal head that is enlarged relative to a
proximal neck.

Yet another aspect of the present disclosure relates to a
laser level system. The laser level system comprises a
housing, at least one laser generator, a self-leveling mecha-
nism, a controller, and/or other components. The housing
includes a plurality of external surfaces. The at least one
laser generator is supported by the housing and configured
to emit at least one laser beam. The self-leveling mechanism
is supported by the housing and configured to orient the at
least one laser beam in a predetermined direction relative to
gravity. The controller is configured to control the self-
leveling mechanism and the at least one laser generator. The
controller has user-selectable modes including an off mode,
a self-leveling mode, and a manual mode. In the off mode
the at least one laser generator is off. In the self-leveling
mode, responsive to the housing being tilted to less than or
equal to a tilt angle threshold level, the at least one laser
generator is on and the self-leveling mechanism orients the
at least one laser beam in the predetermined direction
relative to gravity. Responsive to the housing being tilted
past the tilt angle threshold level, the controller is configured
to provide a visually perceptible out-of-level indication. In
the manual mode the controller is configured to sequentially
turn the at least one laser generator on and off repetitively to
provide a visually perceptible manual mode indication. The
out-of-level indication is different than the visually percep-
tible manual mode indication.
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In some embodiments, the laser level system includes a
self-leveling mechanism lock. The self-leveling mechanism
lock has an ON state that deactivates the self-leveling
mechanism and locks an orientation of the at least one laser
beam into a locked position relative to the housing. The
self-leveling mechanism lock locks an orientation of the at
least one laser beam regardless of the orientation of the
housing relative to gravity. The controller is configured to
place the self-leveling mechanism lock in its ON state when
in the manual mode. In some embodiments, the self-leveling
mechanism comprises a pendulum pendulously supported
by the housing. The self-leveling mechanism lock may
prevent pendulous movement of the pendulum relative to the
housing when the self-leveling mechanism lock is in its ON
state. In some embodiments, the controller is configured to
place the self-leveling mechanism lock in its ON state when
in the off mode. In some embodiments, when the controller
is in the manual mode such that the self-leveling mechanism
lock is in its ON state, at least one of the at least one laser
beams is projected from the housing in a direction that is
parallel to a reference surface defined by the housing.

In some embodiments, such as when the self-leveling
mechanism comprises a pendulum pendulously supported
by the housing, the pendulum pendulously supports the laser
generator. In some embodiments, the controller is configured
such that when in the self-leveling mode and the housing is
tilted to less than or equal to the tilt angle threshold, the
controller causes the laser projector to continuously project
the at least one laser beam. In some embodiments, the
visually perceptible out-of-level indication comprises a
sequential turning on and off of the at least one laser
generator repetitively in a repetitive on/off pattern that
differs from a repetitive on/off pattern used to provide the
visually perceptible manual mode indication. In some
embodiments, the at least one laser generator is on a greater
percentage of the time when in the manual mode than during
the out-of-level indication.

These and other aspects of various embodiments of the
present invention, as well as the methods of operation and
functions of the related elements of structure and the com-
bination of parts and economies of manufacture, will
become more apparent upon consideration of the following
description and the appended claims with reference to the
accompanying drawings, all of which form a part of this
specification, wherein like reference numerals designate
corresponding parts in the various figures. In one embodi-
ment of the invention, the structural components illustrated
herein are drawn to scale. It is to be expressly understood,
however, that the drawings are for the purpose of illustration
and description only and are not intended as a definition of
the limits of the invention. In addition, it should be appre-
ciated that structural features shown or described in any one
embodiment herein can be used in other embodiments as
well. As used in the specification and in the claims, the
singular form of “a”, “an”, and “the” include plural referents
unless the context clearly dictates otherwise.

All closed-ended (e.g., between A and B) and open-ended
(greater than C) ranges of values disclosed herein explicitly
include all ranges that fall within or nest within such ranges.
For example, a disclosed range of 1-10 is understood as also
disclosing, among other ranged, 2-10, 1-9, 3-9, etc.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of embodiments of the present
invention as well as other objects and further features
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thereof, reference is made to the following description which
is to be used in conjunction with the accompanying draw-
ings, where:

FIG. 1 illustrates a laser level system.

FIG. 2 illustrates a laser level projecting two substantially
perpendicular laser light planes.

FIG. 3 illustrates a multi-view projection of a laser level.

FIG. 4 illustrates a laser level removably engaged with a
quick connect tool mounting bracket in two different orien-
tations.

FIG. 5 shows a surface of a housing including a quick
connect mount.

FIG. 6 illustrates various aspects of a mounting bracket.

FIG. 7 is a perspective view of internal components of the
laser level system of FIG. 1.

FIG. 8(a) is a side diagrammatic view of the internal
components of the laser level system of FIG. 1 with a
self-leveling mechanism lock in an ON state.

FIG. 8(b) is a side diagrammatic view of the internal
components of the laser level system of FIG. 1 with a
self-leveling mechanism lock in an OFF state.

FIG. 9(a) is a perspective view of a quick connect tool
mounting bracket according to an alternative embodiment,
with a quick connect adapter mounted thereto.

FIG. 9(b) is a perspective view of the quick connect tool
mounting bracket of FIG. 9(a), with the quick connect
adapter disconnected.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS OF THE INVENTION

FIG. 1 illustrates a laser level system 10. Laser level
system 10 includes a laser level 12, a quick connect tool
mounting bracket 14, and/or other components. Laser level
12 may be mounted to quick connect tool mounting bracket
14 in one or more different orientations via a quick connect
adapter 16. Adapter 16 may be removably coupled with
bracket 14 and any of a plurality of quick connect mounts 18
formed in one or more external surfaces a housing 20 of
laser level 12. One or more laser beams generated by laser
level 12 may be controlled via a controller 22 to indicate
whether laser level 12 is in a “manual” mode, whether laser
level 12 is in a “self-leveling” mode, and/or whether laser
level 12 is “out of level” while in the “self-leveling” mode.

Bracket 14 may be coupled with an external base and
adjusted to allow a user increased flexibility when position-
ing laser level 12 in a work area. Adapter 16 may be quickly
coupled with bracket 14 and/or laser level 12. Laser level 12
may be removably coupled with bracket 14 in one or more
different orientations via adapter 16 and quick connect
mounts 18. Laser level 12 may be easily coupled with and/or
removed from bracket 14 by sliding, for example, quick
connect adapter 16 within mounts 18. In some embodiments,
quick connect mounts 18 may be and/or include quick
connect slots and/or other quick connect components. Con-
troller 22 may control the one or more laser beams to
provide visual cues within the projected laser lines that
indicate the current mode of laser level 12 to reduce the risk
of a user not realizing the laser is in the “manual” mode
and/or provide other indications. Controller 22 may control
the one or more laser beams to provide visual cues within the
projected laser lines that are not bothersome to the user. For
example, controller 22 may cause the introduction of a
second and/or multiple longer “on” times between laser
“flashes” that provide an indication of the “manual” mode to
the user initially, while avoiding frequent unwanted
“flashes” when used purposely in the “manual” mode over
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a longer period of time. In some embodiments, laser level
system 10 may include, for example, one or more compo-
nents of the system described in U.S. patent application Ser.
No. 11/585,931 filed Oct. 25, 2006, entitled, “Light-Plane
Projecting Apparatus and Lens”, which is incorporated
herein by reference.

Laser level 12 includes a laser projection device 24, a
self-leveling mechanism 26, controller 22, housing 20, quick
connect mounts 18, a power source 40, and/or other com-
ponents.

Laser projection device 24 is configured to generate
and/or project a laser beam outwardly from housing 20.
Laser projection device 24 includes one or more laser
generators 30 such as laser diodes, one or more optical
components 32 (e.g., lens(es) and/or mirror(s)), and/or other
components.

Laser generator 30 (e.g., laser diode(s)) is configured to
emit a laser beam. In some embodiments, laser projection
device 24 includes a single laser diode 30. In some embodi-
ments, laser projection device 24 includes two or more laser
diodes. Laser generator 30 may produce visible light having
a predetermined wavelength (e.g., in the range of 400-700
nm). Laser generator 30 may produce a red laser beam, a
green laser beam, and/or laser beams of other colors and/or
wavelengths. In some embodiments, laser generator 30 may
have a predetermined output power and/or input voltage. For
example, the output power may be between about 0.5 and 20
mW. The input voltage may be between about 2.7 volts and
about 7.0 volts.

In some embodiments, the laser beam(s) projected out of
housing 20 comprise one or more point-source beams that
generate points on the objects they hit. Such point-source
beams may be oriented orthogonally to each other (e.g.,
beam(s) projecting in any of four orthogonal horizontal
directions, a beam projecting vertically upwardly, and/or a
beam projecting vertically downwardly).

In some embodiments, the laser beam(s) are converted
into fan beams (e.g., planar beams/light planes) via optical
components 32 so as to project light lines onto the objects
they intersect. Optical components 32 may include lenses,
collimators (e.g., collimating lenses, collimating tube), aper-
tures, and/or other optical components. Optical components
32 may include cylindrical lenses 32a and/or non-cylindrical
lenses. In some embodiments, for example as shown in FIG.
7, one or more optical components 32 may include orthogo-
nally oriented rod/cylinder lenses 32a that convert a point-
source (i.e., linear) beam from a single diode 30 into two
orthogonal planar (e.g., fan-shaped) beams that project a
cross shape (e.g., a “+” shape) onto an object such as a wall.
The point-source beam from the diode 30 is collimated and
then generally directed to an intersection between the two
cylinder lenses 32a, without previously being split. The
portions of the point-source/linear beam that impinge upon
the respective lenses 32a are converted into respective
orthogonal fan-shaped planar beams 50, 52, as shown in
FIG. 2. Alternatively, discrete laser generators 30 may be
used for each planar beam (e.g., as shown in U.S. Pat. No.
6,763,595, the contents of which are hereby incorporated
herein by reference). The output beams may comprise two,
three, or more orthogonal planar beams. Such point-source
and planar beam generating laser levels are well known in
the art (e.g., as shown in U.S. Pat. Nos. 6,763,595, 6,763,
596, 5,539,990).

Self-leveling mechanism 26 is supported by housing 20
and configured to orient the laser beam(s) in a predetermined
direction relative to gravity. Self-leveling mechanism 26
may comprise any suitable self-leveling mechanism known
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in the art (e.g., a pendulum 2654 that pendulously supports
the laser generator(s) 30 (e.g., laser diode(s)) and/or one or
more of the optical components 32, a motorized self-level-
ing mechanism that senses levelness and responsively tilts a
portion of the level). In the embodiment illustrated in FIG.
7, self-leveling mechanism 26 comprises a pendulum 265
that is mounted to housing 20 and supports laser projection
device 24 (including laser generator(s) 30 and optical com-
ponents 32) so as to pendulously support laser projection
device 24 from housing 20. As shown in FIG. 7, self-
leveling mechanism 26 may suspend the pendulum 265
(including components of laser projection device 24 sup-
ported by the pendulum 265) from housing 20 by a gimbal
26a and/or other pendulous connection that extends between
the housing 20 and pendulum 264. In some embodiments,
for example as shown in FIG. 7, the pendulum 265 holds
laser generator(s) 30, at least one of one or more optical
components 32, and/or other components. Self-leveling
mechanism 26 is configured to orient laser generator(s) 30
and/or one or more optical components 32 such that the one
or more laser light planes are projected at predetermined
angles relative to gravity (e.g., horizontally and vertically).
Housing 20 is configured to contain laser projection device
24 and self-leveling mechanism 26 such that at least a
portion of laser projection device 24 moves pendulously
within housing 20 responsive to housing 20 being tilted by
a user. In some embodiments, self-leveling mechanism 26
may include a magnetic damper 29 (see FIG. 7). Such
self-leveling mechanisms are well-known in the art (e.g., as
shown in U.S. Pat. Nos. 6,763,595, 6,763,596, 5,539,990).

By way of a non-limiting example, FIG. 2 illustrates laser
level 12 projecting two substantially perpendicular laser
light planes 50, 52. Projected laser light planes 50 and 52
form illuminated lines 54 and 56 on a target surface (e.g., a
nearby wall). In some embodiments, laser level 12 may
project only one of laser light planes 50 or 52. In some
embodiments, laser level 12 may include a user interface 58.
User interface 58 is configured to provide an interface
between laser level 12 and users through which the users
may provide information to and receive information from
system 10. For example, a user may specify one or more
laser level operating modes (e.g., “manual” and/or “self-
leveling™) via user interface 58. Examples of interface
devices suitable for inclusion in user interface 58 comprise
a keypad, buttons, switches, knobs, levers, a display screen,
a touch screen, indicator lights, and/or other interface
devices. In some embodiments, user interface 58 is provided
integrally with housing 20.

Returning to FIG. 1, controller 22 is configured to control
self-leveling mechanism 26, laser projection device 24,
and/or other components to operate in one or more modes
that are selectable by the user. In some embodiments, the one
or more modes are selectable by the user via a user interface
(e.g., user interface 58, a multi-position mode changing
switch mounted to housing 20 that is part of user interface
58 and/or replaces user interface 58, and/or other user
interfaces). The one or more modes comprise an “off” mode,
a “self-leveling” mode, a “manual” mode, and/or other
modes.

As shown in FIGS. 8(a) and 8(b), laser level 12 includes
a self-leveling mechanism lock 27 having an ON state
(shown in FIG. 8(a)) that deactivates self-leveling mecha-
nism 26 and locks an orientation of the laser light beams/
planes (e.g., laser light planes 50, 52 shown in FIG. 2) and
laser projection device 24 into a locked position relative to
the housing 20, regardless of the orientation of housing 20
relative to gravity. The orientation may be defined even if the
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beams/planes 50, 52 are off. In contrast, when self-leveling
mechanism lock 27 is in an OFF state (shown in FIG. 8(5)),
self-leveling mechanism 26 self-levels. In embodiments in
which the self-leveling mechanism 26 comprises a pendu-
lum 265, placing lock 27 in the ON state locks a position of
the pendulum 2654 relative to housing 20, while placing lock
27 in the OFF state (shown in FIG. 8(b)) permits the
pendulum 265 to move relative to housing 20.

In the embodiment illustrated in FIG. 7, the lock 27
comprises a plate 27a or other structure that is movably
(e.g., pivotally or linearly) connected to the housing 20. A
spring 275 extends between the housing 20 and the plate 274
to bias the plate 274 upwardly into the ON state of the lock
27 (shown in FIG. 8(a)). In the ON state, the plate 27«
pushes upwardly against the pendulum 264 to prevent or
discourage the pendulum 265 from moving. Conversely,
when the plate 27a is pushed downwardly against the
biasing force of the spring 275, the plate 27a disengages
from the pendulum 264, thereby permitting the pendulum
26b to level itself to facilitate operation of the self-leveling
mechanism 26.

Alternatively, the lock 27 may comprise any suitable lock
for deactivating self-leveling mechanism 26 so as to lock the
orientation of the laser beams/planes relative to housing 20
(e.g., a hook, a latch, a clamp, a pin, a bolt, a magnetic lock,
and/or other restraint mechanisms). U.S. Pat. Nos. 6,763,
596, 6,009,630, and 6,536,122, and PCT Publication No.
WO98/11407 (all of which are incorporated herein by ref-
erence in their entirety) disclose a variety of laser level
pendulum locks that may be used as self-leveling mecha-
nism lock 27. However, those of ordinary skill in the art will
recognize that a variety of other locking mechanisms may
alternatively be used without deviating from the scope of the
present invention. Moreover, lock 27 may be omitted
entirely without deviating from the scope of the present
invention.

According to various embodiments, turning lock 27 ON
locks an orientation of the laser beams/planes 50, 52 (FIG.
2) into a locked position relative to external surfaces of
housing 20, regardless of the orientation of housing 20
relative to gravity. For example, beam/plane 50 may be
locked so as to be parallel to a bottom surface 61 (shown in
FIG. 3 described below) of housing 20 so as to project a
plane at a set offset from the object on which the bottom
surface 61 is resting against. Beams/planes 50, 52 may be
parallel to or orthogonal to different ones of the external
surfaces (e.g., four sides, bottom, and top surfaces) of
housing 20. Lock 27 may lock the pendulum 266 of self-
leveling mechanism 26 at or near a center of an arc of the
pendulum 265 of self-leveling mechanism 26.

According to various embodiments, lock 27 may be
activated by controller 22. According to various embodi-
ments, physical movement of a mode switch 59 (shown in
FIGS. 3 and 8(a)-(b) and described below) into the OFF or
manual modes may mechanically activate lock 27 (ON
state), and movement of the mode switch 59 into the
self-leveling mode may deactivate lock 27 (OFF state). In
particular, as shown in FIGS. 8(a) and 8(5), the switch 59
includes a cam 59qa that abuts the plate 274 and manually
pushes the plate 27a downwardly into the OFF state of the
lock 27 when the switch 59 is moved into its off or manual
modes (shown in FIG. 8(5)). Conversely, movement of the
switch 59 into the self-leveling mode permits the plate 27a
to push upwardly against the pendulum 264 such that the
lock 27 is in its ON state.

Movement of the switch 59 between its different modes
moves the switch 59 into and out of the page as shown in
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FIGS. 8(a) and (b). The cam surface of the cam 59a angles
upwardly/downwardly in the direction into and out of the
page as shown in FIGS. 8(a) and 8(b) to correspondingly
turn the lock 27 ON or OFF in response to such movement
of the switch 59 between the modes.

Alternatively, controller 22 may automatically (e.g., elec-
tronically, electromagnetically, etc.) turn lock 27 ON when
the level 12 is in the off or manual mode, and turn lock 27
OFF when in the self-leveling mode. Placing lock 27 in the
ON state when laser level 12 is off may protect the self-
leveling mechanism 26 during transportation by limiting or
preventing jostling of the pendulum 265 relative to housing
20.

In the “off” mode, self-leveling mechanism 26 is in a fixed
position relative to housing 20. Laser projection device 24
does not generate and/or project a laser beam.

In the “self-leveling” mode, responsive to housing 20
being tilted relative to gravity to less than or equal to a tilt
angle threshold level, self-leveling mechanism 26 moves to
self-level laser projection device 24. Controller 22 causes
laser projection device 24 to generate and project the laser
beam in a first laser beam pattern. In some embodiments,
controller 22 is configured such that causing laser projection
device 24 to generate and project the laser beam in the first
laser beam pattern includes generating and projecting a
continuous laser beam. In some embodiments, the tilt angle
threshold level may be determined at manufacture, may be
determined based on information entered and/or selected by
a user via user interface 58, and/or may be determined based
on other information. By way of a non-limiting example, the
tilt angle threshold level may be determined to be about 4,
5,6,7,8,9, and/or 10 degrees during manufacture. Respon-
sive to housing 20 being tilted past the tilt angle threshold
level (e.g., “out of level”), controller 22 causes laser pro-
jection device 24 to generate and project the laser beam in
a second laser beam pattern. In some embodiments, con-
troller 22 is configured such that causing laser projection
device 24 to generate and project the laser beam in the
second laser beam pattern includes generating and project-
ing a flashing laser beam.

In addition to or in the alternative to the second flashing
pattern, when in self-leveling mode, laser level 12 may
provide any other suitable indication of “out of level” (e.g.,
an audible signal, an indicator light that is separate from the
laser generator 30, turning the laser generator 30 off entirely)
without deviating from the scope of the present invention.
Indeed, an out of level indicator may be eliminated without
deviating from the scope of the invention.

In the “manual” mode, self-leveling mechanism 26 is in
the fixed position relative to housing 20. Laser projection
device 24 is configured to generate and project the laser
beam in a third laser beam pattern. In some embodiments,
controller 22 is configured such that causing laser generator
30 to generate and project the laser beam in the third laser
beam pattern includes generating and projecting a flashing
beam and then a continuous beam. In some embodiments,
controller 22 is configured such that the laser beam flashes
for a predetermined amount of time at a predetermined
frequency. In some embodiments, causing laser generator 30
to generate and project the laser beam in the third laser beam
pattern includes generating and projecting repeating cycles
of a flashing beam followed by a continuous beam. In some
embodiments, the time period between flashing portions of
the third laser beam pattern may be varied by controller 22.
In some embodiments, the time period between flashing
portions of the third laser beam pattern may increase over
time during use of laser level 12 in the “manual” mode. For
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example, when first set in the “manual” mode, controller 22
may cause the beam to blink and/or flash for a first period of
time and then remain constant for a second period of time.
After the second period of time, the beam may be controlled
to blink and/or flash again for a third period of time that is
the same as the first period of time. According to various
embodiments, the laser beam is on for a significant percent-
age of the time-based pattern (e.g., long on time, short off
time). According to various embodiments, the third pattern
differs from the first and second patterns to help indicate to
the level’s user that the level is in the manual mode, rather
than a self-leveling mode. According to various embodi-
ments, the laser generator is on for a greater percentage of
the time when in the third pattern than when in the second
pattern.

In some embodiments, controller 22 is configured such
that causing laser projection device 24 to generate and
project the laser beam in one or more of the first laser beam
pattern, the second laser beam pattern, the third laser beam
pattern, and/or other laser beam patterns includes causing
laser projection device 24 to generate and project the laser
beam with one or more laser beam colors in addition to
and/or instead of flashing patterns. The differently colored
laser beams may be projected on a target surface and
indicate the operational mode of laser level 12 to the user. In
some embodiments, controller 22 is configured such that
individual laser colors correspond to individual ones of the
first laser beam pattern, the second laser beam pattern, the
third laser beam pattern, and/or other laser beam patterns.
For example, a green laser beam line may correspond to the
first laser beam pattern and indicate that laser level 12 is in
the “self-leveling” mode and not “out of level”. A red laser
beam line may correspond to the second laser beam pattern
and indicate that housing 20 has been tilted “out of level”.
A green dashed line may correspond to the third laser beam
pattern and indicate that laser level 12 is in the “manual”
mode.

Housing 20 is configured to house laser generator
(diode(s)) 30, optical components 32, controller 22, self-
leveling mechanism 26, lock 27, power source 40, and/or
other components. Housing 20 is configured to house the
components of laser level 12 such that laser level 12 is
hand-held and/or portable. In some embodiments, housing
20 is generally shaped as a rectangular prism. A rectangular
prism describes a three-dimensional shape formed by six
rectangular sides. Being generally shaped as a rectangular
prism may describe a three-dimensional shape formed by
rectangular and/or near-rectangular sides with one or more
of' the sides having rounded and/or beveled corners, rounded
and/or beveled edges, opposing surface that are not parallel,
adjacent surfaces that are not orthogonal, and/or other geo-
metric variances from a rectangular prism. Housing 20 may
include features that extend from one or more of the sur-
faces, and/or are formed in one or more of the surfaces and
still be generally shaped as a rectangular prism. For
example, for the purposes of this disclosure, a housing body
with an oval surface may be considered as being generally
shaped as a rectangular prism. Surface edges may have an
arcuate shape. Transitions between surfaces may have an
arcuate shape. As another example, housing 20 may form a
handle configured to be grasped by the user and still be
generally shaped as a rectangular prism. As a third example,
the shape of laser level 12 shown in FIG. 2 may be
considered to be generally shaped as a rectangular prism.

FIG. 3 illustrates a multi-view projection of laser level 12.
As shown in FIG. 3, housing 20 includes a multi-position
mode changing switch 59 mounted to housing 20, a beam
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orifice 60, a plurality of individual external, substantially
planar surfaces 61, and/or other components. Multi-position
mode changing switch 59 may be and/or may be included in
user interface 58 (shown in FIG. 1, FIG. 2). In the example
shown in FIG. 3, a first surface 62 has a first orientation and
a second surface 64 has a second orientation. Housing 20 is
configured such that first surface 62 and second surface 64
generally oppose each other. Housing 20 may include addi-
tional surfaces such as a third surface 66 that has a third
orientation that is generally perpendicular first surface 62
and second surface 64.

Quick connect mounts 18 in the form of slots are formed
in one or more of the external surfaces (e.g., first surface 62,
second surface 64, third surface 66) of housing 20. For
example, a first quick connect slot 70 is formed in first
surface 62 such that first quick connect slot 70 is configured
to removably engage quick connect tool mounting bracket
14 (shown in FIG. 1) in the first orientation. A second quick
connect slot 72 is formed in second surface 64 such that
second quick connect slot 72 is configured to removably
engage quick connect tool mounting bracket 14 (FIG. 1) in
the second orientation. FIG. 3 shows a third quick connect
slot 74 formed in third surface 66 such that third quick
connect slot 74 is configured to engage quick connect tool
mounting bracket 14 in the third orientation. FIG. 3 also
shows a fourth quick connect slot 75 in a top surface of the
housing 20. These alternative slots 18, 70, 72, 74, 75 enable
the level 12 to be mounted to the bracket 14 in a variety of
different orientations, depending on how the user intends to
use the level 12.

By way of a non-limiting example, FIG. 4 illustrates laser
level 12 removably engaged with quick connect tool mount-
ing bracket 14 in two different orientations. In FIG. 4(a),
laser level 12 is removably engaged with quick connect tool
mounting bracket 14 via third quick connect slot 74 formed
in third surface 66 (shown in FIG. 3). In FIG. 4(b), laser
level 12 is removably engaged with quick connect tool
mounting bracket 14 via first quick connect slot 70 formed
in first surface 62 (shown in FIG. 4(a)). As shown in FIG.
4, a user may direct the projected laser planes in different
directions by connecting the bracket 14 to different slots 70,
72, 74, 75 without changing the position of quick connect
tool mounting bracket 14.

Returning to FIG. 3, FIG. 3 is not intended to be limiting.
The number of mounts/slots on an individual surface, the
orientation of each mount/slot, the dimensions of the
mounts/slots, the cross-sectional shape of the mounts/slots,
and or other factors may vary. Quick connect mounts 18 may
include holes, orifices, openings, apertures, clefts, gaps,
spaces, and/or other features in addition to and/or instead of
slots in the individual external surfaces of housing 20. Quick
connect mounts 18 may include locking mechanisms in each
individual mount such that adapter 16 is locked in place in
an individual mount. In some embodiments, mounts 18 may
include unlocking features (e.g., a button) operated by the
user to unlock adapter 16 from an individual mount 18. In
some embodiments, adapter 16 may be held in place by
geometric features of the individual mounts. For example,
an individual surface may include two different mounts/slots
oriented in opposite directions. An individual surface may
not include any mounts. Adapter 16 may engage a first
mount 18 in a sliding engagement and a second mount 18 via
a post hole that locks adapter 16 into the post hole by way
of a locking mechanism and/or tapered geometry of the post
hole and/or adapter 16.

FIG. 5 shows a surface 80 of housing 20 including a quick
connect slot 82. As shown in FIG. 5(a), quick connect slot
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82 has a length 84 running from at or near a first end 86
toward a second end 88, and a width 89 that is substantially
perpendicular to the length. Quick connect slot 82 may
include an insert portion 90 and an engagement portion 92.
As shown in FIG. 5, insert portion 90 may be wider and
shorter than engagement portion 92. Insert portion 90 may
be configured to initially receive quick connect adapter 16
(shown in FIG. 1). Engagement portion 92 may form a slot
and/or other features such that quick connect adapter 16
(FIG. 1) may be moved to a desired location within engage-
ment portion 92 by a user. In some embodiments, slot 82
may be oriented such that insert portion 90 is located toward
second end 88, toward a third end 94, and/or toward a fourth
end 96. Correspondingly, engagement portion 152 may be
located toward first end 86, fourth end 96, and/or third end
94. In some embodiments, quick connect slot 82 may be
oriented diagonally and/or in other orientations on surface
80.

As shown in FIG. 5(b), quick connect slot 82 may have a
“T” shaped cross-sectional area 100. Quick connect adapter
16 (FIG. 1) may be configured such that at least a portion
152 (described below) of quick connect adapter 16 engages
engagement portion 92 (FIG. 5(a)) at locations 102 and 104
in quick connect slot 82 toward third end 94 and/or fourth
end 96.

Returning to FIG. 3, in some embodiments, housing 20
includes a female threaded hole 106 and/or other features in
at least one of the plurality of individual external, substan-
tially planar surfaces. The female threaded hole and/or other
features may allow laser level 12 to be coupled with various
standard mounting devices (e.g., a Y4"-20 externally
threaded shaft that is commonly used in camera tripods and
other camera mounting equipment).

Returning to FIG. 1, mounting bracket 14 includes a
clamp 110, a first ball 112, a second ball 114, a double socket
arm 116, quick connect adapter 16, and/or other compo-
nents. Clamp 110 is configured to removably couple with an
external base support. For example, a user may removably
couple clamp 110 with a table top, a table leg, a ladder, a
shelf, a door frame, and/or other external supports.
Examples of clamp 110 may include a C-clamp, a band
clamp, a bar clamp, a magnetic clamp, a set screw, and/or
other types of clamps.

First ball 112 is fixed to clamp 110. First ball 112 is
configured to form a portion of a first ball-and-socket joint
118. Second ball 114 is configured to form a portion of a
second ball-and-socket joint 120. Second ball 114 includes
a quick connect adapter mounting portion 122. In some
embodiments, quick connect adapter mounting portion 122
is a threaded post (e.g., a standard threaded post as used in
camera mounting equipment, for example an externally
threaded 4" post). Quick connect adapter 16 may be
threaded to quick connect adapter mounting portion 122.

Double socket arm 116 has a first end 130 and a second
end 132. First end 130 of double socket arm 116 is config-
ured to removably couple with first ball 112 to form first
ball-and-socket joint 118. Second end 132 of double socket
arm 116 is configured to removably couple with second ball
114 to form second ball-and-socket joint 120. Double socket
arm 116 is configured to set a position of second ball 114
relative to first ball 112 responsive to being selectively
tightened on first ball 112 and second ball 114 by a user via
a tightener 140. Double socket arm 116 is configured such
that the position of second ball 114 is adjustable by rotation
of double socket arm. 116 via first ball-and-socket joint 118
while double socket arm 116 is not tightened on first ball
112. Second ball 114 is configured such that a position of
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quick connect adapter mounting portion 122 is adjustable
via rotation of second ball 114 in second ball-and-socket
joint 120 while double socket arm 116 is not tightened on
second ball 114.

When the adapter mounting portion 122 is being used as
a conventional mounting portion, the adapter 16 may be
stored inside a rubber grommet on the tightener 140 or
otherwise attached to another part of the bracket 14 for safe
keeping.

The relative positions of the balls and sockets of the
ball-and-socket joints 118, 120 may be reversed without
deviating from the scope of the present invention (e.g., such
that the clamp 110 connects to a socket 118, rather than a ball
112, and/or the portion 122 connects to a socket 120, rather
than a ball 114). In such an embodiment, the balls 112, 114
could be spaced apart and connected to each other in the
shape of a dumbbell. In such an embodiment, the clamps of
the ball-and-socket joints may be independently tightened
and loosened.

For example, FIG. 6 illustrates various aspects of mount-
ing bracket 14. FIG. 6 illustrates clamp 110 located at a first
end 160 of bracket 14, double socket arm 116, quick connect
adapter 16 located at a second end 162 of bracket 14, and/or
other features of bracket 14. FIG. 6(a) and FIG. 6(b) show
a first view 166 of bracket 14. FIG. 6(¢) and FIG. 6(d) show
a second view 168 of bracket 14.

FIG. 6(a) illustrates rotation of double socket arm 116 via
first ball-and-socket joint 118. Tightener 140 (shown in
FIGS. 6 (¢) and (d)) may be loosened by a user to allow first
end 130 of double socket arm 116 to rotate around first ball
112 in first ball-and-socket joint 118 to set a position of
quick connect adapter 16 (coupled with second ball 114 (not
shown)). FIG. 6(b) illustrates rotation of quick connect
adapter 16 via second ball-and-socket joint 120. A user may
rotate double socket arm 116 and/or quick connect adapter
16 to customize the orientation of laser level 12 (not shown)
when laser level 12 is engaged with quick connect adapter
16.

FIG. 6(c) illustrates closing clamp 110. As discussed
herein, clamp 110 may be removably coupled with any
external support (e.g., a table, a bench, a wall, a door frame,
etc.) that allows system 10 to function as described herein.
FIG. 6(d) illustrates quick connect adapter 16 decoupled
from quick connect adapter mounting portion 122. In the
example shown in FIG. 6(d), quick connect adapter mount-
ing portion 122 is a threaded post, and the adapter 16
includes a mating internally threaded hole. This is not
intended to be limiting. Quick connect adapter mounting
portion 122 may have any form that allows it to function as
described herein.

Returning to FIG. 1, quick connect adapter 16 is remov-
ably and/or threadingly coupled with quick connect adapter
mounting portion 122. For example, a user may slide, thread
and/or otherwise couple a first end 154 of quick connect
adapter 16 with quick connect adapter mounting portion 122
and turn a rotating portion 150 of quick connect adapter 16
to tighten quick connect adapter 16 on quick connect adapter
mounting portion 122. Quick connect adapter 16 may be
threaded, and/or include features of a chuck, a collet, and/or
other coupling devices to facilitate connection of the adapter
16 to the quick connect adapter mounting portion 122. A
second end 156 or quick connect portion 152 of quick
connect adapter 16 is configured to removably engage a
corresponding quick connect mount 18 formed in tool
housing 20. In some embodiments, a cross-section of at least
a portion 152 of quick connect adapter 16 at or near second
end 156 is “T” shaped. For example, the portion 152 may
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comprise a protrusion with (a) a distal head that is larger than
the narrow engagement portion 92 of the mount 18, but
smaller than the enlarged portion 90 of the mount 18, and (b)
aneck that is smaller than the narrow engagement portion 92
of the mount (see FIG. 5(a)). The portion 152 may be
configured to engage quick connect mounts 18. In some
embodiments, quick connect adapter 16 has other cross-
sectional shapes.

In the illustrated embodiment, laser level 12’s quick
connect mounts 18 comprise slots, and the mating portion
152 of the quick connect adapter 16 comprises a protrusion
152 with an enlarged head. However, the relative positions
of the slots/mounts 18 and protrusion 152 may be switched
without deviating from the scope of the present invention.
Alternatively, the quick connect slots/mounts 18 of level 12
and mating quick connect portion 152 of the quick connect
adapter 16 may comprise any other type of suitable quick
connect mechanism (e.g., bayonet-style push-and-twist con-
nection, spring-loaded pins and catches, etc.) without devi-
ating from the scope of the present invention).

FIGS. 9(a) and 9(5) illustrate a bracket 1014 according to
an alternative embodiment that is generally similar to the
bracket 14. Accordingly, features of the bracket 1014 that are
also in the bracket 14 are not described in detail. As shown
in FIGS. 9(a) and 9(b), like the bracket 14, the bracket 1014
includes a clamp 1010 connected to a first ball-and-socket
joint 1020, which is connected to a second ball-and-socket
joint 1030, which is connected to a standard camera mount
1040 (shown in FIG. 9(5)). The camera mount 1040 includes
a 14"-20 threaded post 1050 and a collar 1060. Although the
illustrated threads are '4"-20, as is common in the camera
art, alternative types of threads may be used (e.g., with
different diameter and/or pitch) without deviating from the
scope of the present invention. The post 1050 is rigidly
connected to the second ball-and-socket joint 1030 so as to
prevent rotation of the post 1050 when the ball-and-socket
joint 1030 is locked (e.g., by tightening the tightener 1070).
The collar 1060 is internally threaded and threaded onto the
post 1050 (either onto the %4"-20 threads or a separate larger
set of threads that are co-axial with the 14"-20 threads). As
shown in FIG. 9(5), to connect the bracket 1014 to a camera
or other tool with a camera mount portion such as the level
12, the ¥4"-20 threads of the post are threaded into mating
internal threads of a camera or other tool (e.g., the internally
threaded hole 106 of the level 12). To tighten the tool or level
12 to the bracket 1014, the collar 1060 is then rotated
counterclockwise to pinch up against an underside of the
camera or level 12.

In the embodiment illustrated in FIGS. 9(a) and 9(b), the
bracket 1014 includes a quick connect adapter 1100. The
adapter 1100 has internal threads 1100a that may be
threaded onto the post 1050 to attach the adapter 1100 to the
bracket 1014. To attach the bracket 1014 to the level 12 via
the quick connect mechanism, an enlarged head 11005 is
inserted into any one of the slots/quick connect mounts 18
of the level 12 in the same manner as discussed above with
respect to the bracket 14. As shown in FIGS. 9(a) and 9(5),
the enlarged head 11005 has flat portions that abut internal
sides of the slot 18 in the level 12 to prevent the adapter 1100
from rotating relative to the level 12 when the adapter 1100
is in the slot 18. Once the adapter 1100 is positioned in the
narrow region of the slot 18, the collar 1060 may be rotated
counterclockwise to pinch the portion of the housing 20
defining the slot 18 between the enlarged head 11005 and the
collar 1060, thereby frictionally discouraging or preventing
the level 12 from moving relative to the adapter 1100, collar
1060, and ball of the ball-and-socket joint 1030. Instead of
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rotating the collar 1060 counterclockwise, the level 12 and
adapter 1100 may be rotated clockwise together to move the
level 12 toward and into pinching engagement with the
collar 1060. The level 12 may be locked to the bracket 1014
in any desired pivotal position about the axis of the post
1050. The level 12 may be detached from the bracket 1014
by reversing these steps. When the adapter 1100 is not being
used, it may be stored in a pocket 1070a formed in the
tightener 1070.

Power source 40 is configured to power controller 22,
lock 27, laser generator (diode(s)) 30, user interface 58,
and/or other components of system 10 in a portable manner.
Power source 40 may comprise one or more power sources
connected in series and/or in parallel. In some embodiments,
power source 40 is rechargeable. Power source 40 may be
recharged via a home AC power source, a car battery outlet,
a USB port, a non-contact charging circuit, and/or other
recharging methods. Examples of portable power sources
that may be included as portable power source 40 include
one or more DC batteries, lithium ion and/or lithium poly-
mer cells, nickel metal hydride, and/or other portable power
sources.

Although the present technology has been described in
detail for the purpose of illustration based on what is
currently considered to be the most practical and preferred
embodiments, it is to be understood that such detail is solely
for that purpose and that the technology is not limited to the
disclosed embodiments, but, on the contrary, is intended to
cover modifications and equivalent arrangements that are
within the spirit and scope of the appended claims. For
example, it is to be understood that the present technology
contemplates that, to the extent possible, one or more
features of any embodiment can be combined with one or
more features of any other embodiment.

What is claimed is:

1. A laser level system, the laser level system comprising
a laser level, the laser level comprising:

a housing including a plurality of external surfaces;

a first quick connect mount supported by the housing and
disposed in a first orientation, the first quick connect
mount being configured to removably engage a quick
connect tool mounting bracket in the first orientation;

a second quick connect mount supported by the housing
and disposed in a second orientation that differs from
the first orientation, the second quick connect mount
being configured to removably engage the quick con-
nect tool mounting bracket in the second orientation;

at least one laser generator disposed in the housing and
configured to emit at least one laser beam;

a self-leveling mechanism disposed in the housing and
configured to orient the at least one laser beam in a
predetermined direction relative to gravity; and

further comprising one or more optical components dis-
posed in the housing and configured to convert the at
least one laser beam into a horizontal fan beam and a
vertical fan beam that intersects the horizontal fan
beam.

2. The system of claim 1, wherein the first quick connect
mount comprises a first slot in the housing, and wherein the
second quick connect mount comprises a second slot in the
housing.

3. The system of claim 1, wherein the first quick connect
mount is disposed on an opposite side of the housing from
the second quick connect mount.

4. The system of claim 1, further comprising a third quick
connect mount supported by the housing and disposed in a
third orientation that differs from the first and second ori-
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entations, the third quick connect mount being configured to
removably engage the quick connect tool mounting bracket
in the third orientation.

5. The system of claim 4, wherein the first, second, and
third orientations are generally orthogonal to each other.

6. A laser level system, the laser level system comprising
a laser level, the laser level comprising:

a housing including a plurality of external surfaces;

a first quick connect mount supported by the housing and
disposed in a first orientation, the first quick connect
mount being configured to removably engage a quick
connect tool mounting bracket in the first orientation;

a second quick connect mount supported by the housing
and disposed in a second orientation that differs from
the first orientation, the second quick connect mount
being configured to removably engage the quick con-
nect tool mounting bracket in the second orientation;

at least one laser generator supported by the housing and
configured to emit at least one laser beam; and

a self-leveling mechanism supported by the housing and
configured to orient the at least one laser beam in a
predetermined direction relative to gravity; and

further comprising a quick connect tool mounting bracket
comprising:

a clamp configured to removably clamp to an external
base support; and

a quick connect portion connected to the clamp, the quick
connect portion being configured to alternatively and
removably engage either of the first and second quick
connect mounts so as to connect the housing to the
quick connect tool mounting bracket in either the first
or second orientation.

7. The system of claim 6, wherein the clamp is connected
to the quick connect portion via first and second serial
ball-and-socket mechanisms, the balls of the first and second
ball-and-socket mechanisms being spaced from each other.

8. The system of claim 6, wherein:

the quick connect portion comprises one of a slot and a
protrusion with an enlarged head;

the first and second quick connect mounts each comprise
the other of the slot and the protrusion with the enlarged
head; and

the slot and enlarged head are configured to releasably
engage each other so as to provide a quick connect
connection between the laser level and the quick con-
nect tool mounting bracket.

9. The system of claim 6, wherein the first quick connect
mount is disposed on an opposite side of the housing from
the second quick connect mount.

10. The system of claim 6, further comprising a third
quick connect mount supported by the housing and disposed
in a third orientation that differs from the first and second
orientations, the third quick connect mount being configured
to removably engage the quick connect tool mounting
bracket in the third orientation.

11. The system of claim 10, wherein the first, second, and
third orientations are generally orthogonal to each other.

12. The system of claim 6, further comprising one or more
optical components configured to convert the at least one
laser beam into a horizontal fan beam and a vertical fan
beam that intersects the horizontal fan beam.

13. A laser level system, the laser level system compris-
ing:

a housing including a plurality of external surfaces;

at least one laser generator supported by the housing and
configured to emit at least one laser beam;
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a self-leveling mechanism supported by the housing and
configured to orient the at least one laser beam in a
predetermined direction relative to gravity; and

a controller configured to control the at least one laser
generator, the controller having at least the following
user-selectable modes:
an off mode wherein the at least one laser generator is

off;
a self-leveling mode wherein,

responsive to the housing being tilted to less than or equal
to a tilt angle threshold level, the at least one laser
generator is on and the self-leveling mechanism orients
the at least one laser beam in the predetermined direc-
tion relative to gravity,

responsive to the housing being tilted past the tilt angle
threshold level, the controller is configured to provide
a visually perceptible out-of-level indication; and

a manual mode wherein the controller is configured to
sequentially turn the at least one laser generator on and
off repetitively to provide a visually perceptible manual
mode indication,

wherein the out-of-level indication is different than the
visually perceptible manual mode indication.

14. The laser level system of claim 13, further comprising

a self-leveling mechanism lock having an ON state that
deactivates the self-leveling mechanism and locks an orien-
tation of the at least one laser beam into a locked position
relative to the housing, regardless of the orientation of the
housing relative to gravity,

wherein the controller is configured to place the self-
leveling mechanism lock in its ON state when in the
manual mode.

15. The laser level system of claim 14, wherein the
self-leveling mechanism comprises a pendulum pendulously
supported by the housing, and wherein the self-leveling
mechanism lock prevents pendulous movement of the pen-
dulum relative to the housing when the self-leveling mecha-
nism lock is in its ON state.

16. The system of claim 15 wherein the first quick connect
mount comprises a first slot in the housing, and wherein the
second quick connect mount comprises a second slot in the
housing.

17. The laser level system of claim 14, wherein the
controller is configured to place the self-leveling mechanism
lock in its ON state when in the off mode.

18. The laser level system of claim 14, wherein, when the
controller is in the manual mode such that the self-leveling
mechanism lock is in its ON state, at least one of the at least
one laser beams is projected from the housing in a direction
that is parallel to a reference surface defined by the housing
regardless of the orientation of the housing relative to
gravity.

19. The laser level system of claim 13, wherein the
self-leveling mechanism comprises a pendulum pendulously
supported by the housing, the pendulum pendulously sup-
porting the laser generator.

20. The laser level system of claim 13, wherein the
controller is configured such when in self-leveling mode and
the housing is tilted to less than or equal to the tilt angle
threshold, the controller causes the at least one laser gen-
erator to continuously project the at least one laser beam.

21. The laser level system of claim 13, wherein the
visually perceptible out-of-level indication comprises a
sequential turning on and off of the at least one laser
generator repetitively in a repetitive on/off pattern that
differs from a repetitive on/off pattern used to provide the
visually perceptible manual mode indication.
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22. The laser level system of claim 21, wherein the at least
one laser generator is on a greater percentage of the time
when in the manual mode than during the out-of-level
indication.



